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MR NO. L6F21
PLIGHT INVESTIGATION OF FACTORS AFFLCTING
THE CARBURLCTOR RAM AND NACELLE DRAG
OF A1 A-26D ATRPLANE
By J. Ford Johnston, Bernard B, Klawans
and Edward C. B, Dan’orth III
SUMMARY

Flicht tests of an A~26B airplane havs been conducted
to determine the changes in maximum speed, a&s affected by
chénges in carburetor ram and aerodynamic refinement of

‘the nacelleu, resulting from the addition of sealed spinners

and modification of the charge air system, cowling, and
nacelle afterbodies, The changes in nacelle drag resultirg
from these modiflcations were measured independently by
means of a revolving wake swvey rake behind the nacelle
and boundary layer rakes on the cowling, and provide a
quantitative check of the speed measurements as well as a
meéans of analyzing the components of nacelle drag,

... The. hiphest carburetor ram, equivalent to.an increase
of 1600 feet in the high blower critical altitude and .
8 miles per hour in top speed over the production cone .
figuration, was obtained w:th the combination of sscaled .
Spinners, N4CA elbows,.and any of the three inlets tested.
The optimum configuration for use without spinners was
that with the NACA inlets and elbows, This conflguration
showed an improvement in ram equivalent to 1200 feet in.
critical altitude and 6 miles per hour in maximum:speed. .
over the production configuration. ‘

The sealing of the spilnner rear bulkheads caused &
further increase in maximum speed of l} miles per hour
through aesrodynamic refinement. The substitution of
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modified nacelle afterbodies, designed to reduce the

pressure drag of the nacelle, produced no speed changes

in the spinner-on configuration but appearcd to cause an
increase of 2 miles per hour in the spinner-off configuration.

Analysis of the nacelle drag with the aid of the
revolving wake survey rake indicated that with nominally
closed cowl flaps and spinners off the total drag of the
two nacelles 1s over 30 percent of the total airplane drag.
The external nacelle drag alone is over 20 percent of
the total airplane drag and is composed about 25 percent
of cowling drag end 75 percent of afterbody drag. Under
the conditions of the tests the afterbody drag was found
to vary only with the cooling drag, and the cowling drag
to vary only with the cowling inlet-velocity ratio,
iIndependently of the use of spinners except as they affected
the cooling drag or inlet-velocity ratio. With spinner
off only about 50 percent of a given increase in cooling
drag appeared as an increase in total nacelle drag because
gf the accompanying reduction of the afterbody and cowling

rags,

Although the nacelle drag is a large portion of the
total airplane drag, the external nacelle drag coefficient
of about 0,07 based on frontal area is reasonably low.

It 1s indicated that attention should be directed not
only toward improving nacelle form, but also toward engine
or &irplane designs which reduce or eliminate nacelles,

INTRODUCTIOIT

Suggestions for probable increases in the critical
altitude and speed of the A-26B airplane through minor
design changes to the charge~air induction system were
made on the basis of preliminary flight tests of an
A=-26B airplane at the Langley Laboratory. The Alr
Materiel Command, Army Air Forces, then requested the
NACA to evaluate the effect on performence of these
recommendations and other modificaticns to the cowling
and allied nacelle components.

Two objectives were sought; bvetterment of carburetor
ram and aerodynamic refinement of the nacelle, The lower
lip of the carburetor-air inlet and the elbow at the
carburetor entry were altered in an endeavor to improve
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the ram. Drag clean-up was attempted by sealing the -
Splnner rear bulkheads and edding elongated nacelle after=-
bodies. A special revolving momentum survey rake behind
the left engine nacelle was used to facilitate the measure=
ment of the drag chanpges caused by the modifications.

Concurrently, the oouglas Aircraft Company designed
and supplied another carburetor-air 1n1et for evaluation.

Preliminary test reaulta as necessary for prompt
revision of the carburetor-eir system were made available .
to the Alr Materlel Command during the course of the '
Investication. Included herein are the complete results
of flight measurements of the effecta'on Bpeed and critical
altitude of the modifications tested, slong with a
dilscussion and correlationr of nacelle drag meesurements
by means of momentum surveys.

ATRPLAVE

Pertinent dotails of the production airplane as
instrumented for flight test are a3 follows:

1. Douélas attaclk Hombgr, modcl h-aoB, AAR
Noe - }4-6-29200 .

2. CGross weight at take- of £ 1ncluding 925 &allons
of gasoline, 30, 200 pounds.

3, Engines; two Pratt and. dhltncy R-2800-27, military
rating 1600 brake horsepower in high blower at 2700 rpm
and 117 inchcs of m rcury manifold preossure; with torque
nose¢s for power measurement and jet oxhaust stacks
slaimesed from adjacent cylinders,

. Propellers; two, three-blade Hamilton Standard,
12  foct, 7 inches diamctor; blade drawing No. 63G9A-18
gear ratio 0.5:21.

5e Superchargers, two apved qlncle stage, gear
driveng gear ratios; low, 7.6:1; high 921,

6. Wing span, 70 feet; wing arsa, 540 square feet.,
. - ‘
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General views of the production A-26B airplane as
flown ere shown . in figure 1. Additional éxternal details
-that were added for fllght teqt in all confipuraulons
were Aas iollows~ : : _

1. Axrspeed boom on right wing tlp, flgure 1(b).

2. Total pressure socurces on forwardmost machine
Tun wiounted on fuselage, figure 1(c). :

3. Revolvang'momentum survey rake 1nstalled behlnd '
the left engvne nacelle - figure 1(0). '

li. Tow-lag free air temnerature unit mounted on the
_under surface: of the Tight wiqg oanel, flgure 1{a).

5. Doped fabric S(als over ammunition egecLiOH slots
crdcks, and holes. Yo smoothing or fairing of rough or -
irregular parts was attempted.

The airnlane surfaces were free of grease and dust
Just prior to all test flights.

INSTRUMENTAT ICH

Spzcial instruments installed for the subject tests
included synchronized NACA pressure recorders to measure
airspeed, altitude, manifold »ressures, torquemeter
pressures, cerburctor metering pressures, and cowling,
engine compéartment, and ca&rburetor scoop pressures;
recording revolution counters for engineé rpm; multiple
recording manometers, and a l2-unit Miller galvanometer
for the static and teotal pressures-and temperatures in the
waite of the left engine nacelle,

Free 2ir temperatures were measured with & rccording
galvanoneter connected to an NACA low-lag resistance
thermometer bulb on the under surface of the right wing,
Flight callbration of the bulb showed that 1t 'had an
adiabatic rise coefflicient of 90 psrcent. This value
was used in reducing the data to ambient conditions.

, Uhcorrected airspeed impact pressures qc! were
obtained by means of 'an NACA fized static head mounted

Iy
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l-chord length forward of the right wing tip &nd a
shielded total-pressure heéad located slightly aft and
below on the same mount, The position error of this
Installation was calibrated in flight by comparison with
& trailing statlec head and found to be -0.0lg,! in

the high~speed range, This corrcetion was used to
determine the correct impact pressure gg.

Total pregsures were measvred in the left engine
charpze~air duct at several stations in order to separate
the various sources of pressure drop in the system.
Static pressures over the upper end lowsr inlet lips were
obtained by lines of flush orifices as a further check
on the alinement of the inlet with the local air flow,

The individual static &and tctal=pressure-neasurement
locations are given in figure 2, In addition, two total
pressure tubés were located at the survey »léne just ‘
gahead of the carburetor, one close to cach cide of the
duct to check the flow distribution et right angles to
the survey shown, Close’ inspection of figure 3 reveals
their »ositions, Pressures in the Loundary layer on the
cowling surfece were messured at ssveral positions.
Figure L shovs the orificc and tube locations which were
the same for all confipurations,

Tube locations £or me&sEnring Pressure recover H
: & y o4

at the front of the 1left enpine arc iven in table I.
The total pressure of the exit engine-cooling air pp

was meesurcd by telring the numerical averare of seven
tubos arranged symmetrically about the sngine 2 inches
ahead of the jet cxhaust-stbacki exits,

-

Tt may be¢ noted that duct, ceoling-air &nd houndary-
layor prossures were measuréd only on the left nacelle,
as ths left and right engine nacslle componsents were

elther Iinterchangeable or wmirror iméges.

A feature of the instrumentation weas a revolving
momentum survey rake behind the left congine nacelle to
provide measurements for an &anelysis of the nacelle drag,
The raks ravolved in the same dirsction as. the oropeller
wilth an angular velocity of 7° per sccond and a tip
speed of /3,2 inches per sc¢cond under which conditions the
lag was within the experimental accuracy. The rake
contained total-pressurc tubes and calibrated static
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orifices and iron-constantan thermocounles arranged for
continuous recording. The installation 1s pictured in
figure 5, and 1t may be noted that the rake extends beyond
the maximum thickness of the nacelle.

The ship's service indicators were calibrated for
instrunent error and used to measure cylinder-head
temperatures, wing flap, landing gear, and oll shutter
positions., Cowl-flap gap indicators with equal and
arbitrary scales were placed on the nacelles so that
they could be read and the gap sct from the cockplt,

TEST SPICILINS

Outlines of the driginal, NACA wodified, and Douglas
modifiéd charge~alr ducts are shown in figure 2. It
will be noted that the lower lip of the carburetor-alr
inlet had been cut back about 3 inches for the MNACA and
1 inch for the Douglas modificetion. In addition, the
NACA inlet lower lip was given a larger nose radius, and
the Douglas inlet upper lip was drooped 3/l} inch., The
inner arid outer radii of the NACA modified e¢lbow were
increased from 1 inch each for the production model to

5% inches and 7& inches, réspectively. Photographs of

the e¢lbows are given in figure 3, and of the lnlets in
figure 6.

The spinners were sealed by attaching chamols across.
the rear bullkkheads., These scals are illustrated in
figure 7. All tests reported with the spinners were made
with the seals installed and with the orlginal non-
rotating spinner afterbodles. »

tn some of the later flights, the original nacelle
afterbodics were extended 20 inchies aft and given chisel
tails extending 18 inches above and 13 inches below the
horizontal center line to reduce the rate of tall-cone
convergence. These new afterbodies are designated the !
modified nacelle afterbodles and are plctured in figure 5.
For ease of constructlon, the modifications were made in

halves and each part was generated from siraight lines .

leading from the afterbody treiling edge to the tail-

cone attaching bulkhead. The break in the nacelle lines .
6 A
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over the top at the attaching point was faired out with
balsa wood covered with doped fabric.

The carburetor elbow installation in the A-20B is
unusual in that the elbow is an integral part of the air-
frame and must be connected to the inlet and carburctor
by flexible joints. The flexible rubber connection
between the elbow and the forward section bulged into the
duct and consequently reduced the flow area, Cantilever
metal plates were installed for four flights in an
effort to deflect the bulge down and out oi the duct.

o3T TRCCEDURE

Tests in 811 conficur?‘ lons cowuluted of level-flight
runs at and above the high-blomer critical altitude.
These runs were made with the cowl flaps set nomninally
closed (full closed as recelved), oll cooler shutters
one-~fourth open, and the wing flaps and lénding gear full
up. Supplementary tests included:similar runs made with
greater and smaller cowl flap gaps:to study the effect of
engine cooling drag on the nacelle drag., The engine
speed was intended to be 2700 rpm but was linited to
about 2660 rpm by & low governor sotting.

Three-minute recordu were taken only after several
minutes of & run had elapsed to be sure stabllized
conditions had been reached, During these tcuts, the
pilot maintained sensibly constant altitude by rexerence
-to a large sensitive altimeter,

One test point per configuration is sulficient to
determine the ram and, if accurate, the drag cheanges for
each modification., However, the precision of the
individual speed and power measurements leads to possible
errors equivalent to 32 miles per hour in evaluation of
the drag quantity. All tests were run at & geries of
altitudes, and the results were faired to Ilncrease the
preclsion in order to quote comoaratlve changes to 1 mmile
per hour,

The fllght program is outlined in table II. It may
be noted that the tests in the table are not chronologically
presented but are grouped f.r comparlson purposes. The
order of the tests variled from this prcqcntation to
expedlte the work.




MR No. L6F21 .
RESULTS AND DISCUSSICN : .

Various modifications to the A-26B airplane caused
higher level-flight speeds. The following expresslon is
a tool used to separate the causes for the speed increases:

1 1
v = sz, (22 )} <§g5> /

‘Veasured quantities Unknown quantities

v true speed, mph B | propulsive efficiency

bhp engline brake l.orsepower CD airplans drag
coefficient

o free-air density ratilo

S wing area, sqg £t

The paraumcter (922)1/5 indicates the contribution
o
of the engine, supercharging, and ram to the spsed, &and

the parameter (SC 1/3 represents the gerodynamic

. P¥D ' - .
refinement of the eirplane-propeller combination. For
purposes of the present comparisons the exhaust jet thrust
is considered as a contribution to the propulsive .
efficiency.,

Speed and power measurements along with asscciated
data arc presented in table I. The speed values glven
include corrcctions for a m.asured gradual increase in
drag of the airplane with time and have been further
adjusted so that all tests with nominally closed cowl
flaps (0.5 gap in table T) have the same engine cooling
pressure drop (the corrcctions are discussed in later
sections)., Study of these data indicates that 12 miles
per hour may be added to the level-flight specd and
1600 feet to the critical altitude of the A-26B airplane
through use of the WACA entries and ¢lbows and scaled
spinners, Analysis of the paramecters, as in figure 8,
shows that, of the 12 miles per hour increase, are
attributed to an increase in the power parameter and

are caused by aerodynamic refinement.
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Power Parameter

B v 7 IR Do
DR : i

Factors- affect1nﬂ the power parameter at and avdve
full throttle altitude for the original configuration
~.are Goupared in figure. 9 with those obtained using the most
successful set of modiflications. It should be noted that
powear, vaﬂles apnﬂorimaue¢y as the manifold pressure
‘and, consequently, carburetor pressure for small changes
gt constant altitude. Therefore, for full tHrottle
operation’at a given altitude pressure and temperature

° /1 \&eq/ SR -
P. absolute total pressure at the carburetor collector
Submr\ Y 1 L: 8 :
1 Ofl”lpal configuration

2 m0u1f1ed configuration

By this dnaly51s, the 7.5 oercepu increase in the
cappuretor pressure, in figure 9, explains the total
2.5 ‘percent 1ncre:se in the power parameter.

Carburetor Ram

- The pressure, above stream static, measured at the
carburetor total-pressure collector tap is defined for
" this report as the carburetor ram, &8s it is & convenlent,
commonly used single-point source of measurement. This
pressure 1s not necessarlily the true total pressure
at the carburetor entrance, but 1s & satisfactory index
of changes in ram due to changes in the carburetor-air
duct or inlet. Throughout, ram is presented in terms
of the airplane impact pressure. A e

t

~ If pressure losses are incurred in the ‘induction
system ahead of the carburetor (that is,lowered rem), the
maximum altitude at which the rated power of the engines
can be obtained is lowered, and performance at all .
altitudes above the critical altitude is reduced
accordingly. The production A-26B airplane had redaced

9
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performance as a result of such losses. The modificetions
designed to improve the carburetor ram of this airplane
are discussed in the following paragraphs,

Total and static-pressure data at the various
positions in and about the charge-alr system on the left
nacelle are tabulated in table III. These data were
obtained in level flight at and above the full-throttle
altitudes. The total pressures at each point of meéasure-
ment in the duct were arithmetically averaged for all :
runs in each configuration. From these averaged data,
the pressure distributions for pertinent configurations
at the carburetor-air inlet and before and after the
elbow were obtained -and are presented a@long with the
values of carburetor ram in figure 10, :

The ram results indicated by figure 10 (parts a-f)

are:
1 ——
' Change from
original con-
) figuration due
Fipure 10 Ram 1n Ram to ram
Configuration| part no.| terms -of|increase |{Critlcal|Speed
. ‘ altitude | (mph)
B (ft)
Original a 0.141 -——— -——- -
NACA inlet
and elbow b .68 0.27 1200 6
NACA inlet |
and ¢lbow, :
spinner c 76 A .35 1600 8

Douglas inlet
WACL elbow d .50 . 09 100 2

Douglas inlet
NACA elbow,

spinner e 7L <33 1500 8
Part ¢ with

deflector |

plate f .72 «31 1,00 7

10
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Criginal configuration.- The original carburctor-alr
Inlet was designed for use with a propeller s»inner. When
the spinner was not installed,as was the case with the
production airplane, adverse effects on the recovery &at
the entry were noted. Tre local airflow became wmore
radial in direction, causing separation off the lower
inlet 1llp. This separation was so pronounced, as indicated
by the pressure distribution (fig. 10(a)), that the
total-pressure measurements in the lower half of the
entry were not quantitatively useful because of possible
large scale turbulence and reverse flow.

Besldes the loss at the entry, part (a) of figure 10
indicates an average loss of 0,119, in golng past the
sharp radii of the original elbow, It is beliesved, from
Inspection of the distributlons before and after the
eloow, that the 0.11q, loss is caused primarily by
separation from the Iinner radius of the: turn.,

NACA inlet.- The lower lip of the original carburetor-
air inlet was cut-back 3 inches and given a larger radius
(flge 2) 1in an attempt to aline the inlet with the local
air fiow with the spinner off, This new design, designated
the NACA inlet, resulted in an averare improvement of
0.18q, before the elbow over the recovery with the orilginal
(figs 10(g)); although the slight drop in total pressure
ne&r the bottom of the inlet (fig. 10(b))shows that the
lower 1ip is not perfectly alined, This lower energy
flow appears to have separated at the forward flexible
connection of the c¢lbow causing an average 0,05q¢ loss
between the inlet and slbow.

Douglasg inlet.- The lower 1lip of the Douglas inlet
was 1 inch farther back and the upper lip weas drooped
3/l inch as compared with the original inlet (fig. 2).
Again, &s with the original, the total-pressure mcasurements
Indicate scparation at the inlet., It should be noted
that the pressure distribution and level before the elbow
for this conflguration were essentially the seame as
those obtained with the original entry (fig. 10{(h)).
Hence, it is concluded that the Douglas inlet offered no
change in ram recovery over that obtuined with the original.

NACA ¢lbow.- The larger radii of the modified elbow,
(see fig. 2) reduced the loss of 0,119g or 0.7 duct q
around the original elbow to 0.039, or 0.2 duct q.

11
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This reduction was caused mainly by retarding separation
from the inner radius of the turn (fig. 10(1)). &

lose of 0.2 duct q 1s about the best obtaineble around

a 1000 turn with the space limitation present, reference 1,

Spinners.- All inlets tested - the ori iginal, Douglias,
and YACLZ - hed uniform total-pressure dﬂsuributlons and
equally good recovery when spinners were used {fig. 10(3)).
Data for the criginal inlst w1th ghyinners were oxtained
from a flight in an intermedlate conf;guration which is
not PGDOPtbd in the tables. The uniform distribution is
evidence that the splinners satisfactorily allned the
local air flow with the 1nlebs.'

The maximum-pressure recoveries at the inlets are
better with spinners th without. £ven the HACA inlet
had 0. quc more maxlmum-presuure recovery with spinners
than without (fig 10(k)). This improvement is obtained
because the spinners cover the inefficient propeller
shanks and cause the entry air_ to pass throush phe_»nroneller’
further outboard where the blade sections are more &aero-
dyn&mically efficient, ‘ ' '

Another improvement 1s the removal of the 0.059,
loss between the Ni4CA inlet and the clbow when spinners
are installed. (See fig. 10(k).) The higher energy.flow
availainle at the bottom ‘of the inlet with spinners
appears to have removed the tendency for flow sepsaration
at the flexible joint.

Deflector pldges.- he 0,059, loss between the
NACA inlet and elbow, spinner off, is beliocved to have
been caused by separation off the flexible Joint ahead of
the.elbow which might not have occurred in a smooth duct,
Accordingly, bent sheets of dural wers installed under the
Lottom clamps at the elbow end of the joint in an attempt
to deflect the rubber connection down and out of the
carburetor duct. :

Tsats with and without the deflsctor plates, spinner
on, are compared in figure 10{m) and show an acdditional
loss in ram of 0.0Lg, caused by the deflector plates.
Inspectior of the flexible joint after the tests revealed
that the rear cowl mounting ring prevented the bulge from
deflecting.out of the duct. Apparently, the dcflector
plates reduced the width of the bulge, forcinz the bulge
to extend further into the duct and cause the additional
loss,

12
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Slgnlflcance of results.- If ram is the criterion,
the optimum configuration is that with sealed spinners,
NACA elbows, and any:of the 1n16ts. ‘These configurations
showed a carburetor ram of about 0,75Q,, an increase of
0.3lge (equlvalent to 1500 £t in critical altitude and
! miles per hour 'top ‘speed) over that dbtained with the
original configuration.

An albeLnete cholce available if spinners are
undesirable frem & maintenéance standpoint 1s the cone-
flguration with MWACA inlets and elbows. With this con-
‘flgbrainon & carburetor ream of 0,689, was obtained,
only 0.08q, or LOO feet in critical altitude and 2 miles
per hour below the optimum.

The averugo nress1we after tqe elbow (Ilb. 10(c))
11llustrates that the actual pressyre recovery at the
carburetor sntrance with MACA elbows and sealed spinners
was 0,95q¢, indicating & duct loss of about 0,059c. The
only additional imvrovement available in this case would
be to imdrove the propeller shanks aerodynamically to
increase tho energy level at the inlst. This actual
recovery also indicates that the pressure in the
carburstor collector was in this' case about 0.20q9, below
the true total pressure, “ '

Asrodynamic Refinement

The aerodynamic-refinement paramcters for three
flights, one each at the beginning, middle, and end of
the program are presented in figure 11(a). The flight
Conflfurdtlons were the same except for the design of
the lower carburctor-air inlet lip that should cause
negligibls changes In drag. Infgsmuch as & griadual
decrease in the aerodynamic refinement is noted with
time, it is concluded that the alrplane aged. This aging,
breought about principally by flight time and 1dndin~s,
was the result of numerous wrlnkles that developed in the
fuselage skin along with the spreading of jolnts and
genoral deterioration (that is,roushening) of the extesrnal
surfaces, All values quoted for spced and &aserodynamic
rofinement, Acept those of figure 11, are corrected by
the deVLatiops in asrodynamic refine wsnt shown In
figure 11(b), to have comparable airplane finlshes to
that of the m;dd]e flight,

13
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Sealed spinners.- It was found in preliminary tests
that the spinners, as originally used, caused no change
in the aerodynamic refinement. However, when the spinner
rear bulkheads were sealed as shown in filgure 7, & mile~
per-hour increase caused by serodynamic refinement was
measured over that obtained with the spinners off,
figure 12(a),

Modified nacelle afterbodies.~- Although the modified
nacelle arterbodies produce no aerodynamic refinement
when sealed spinners are installed, figure 12(b), the
afterbodies appear to cause an increase of 2 miles per
hour with the production configuration (fig. 12(c)).

Effect of engine cooling drag.~ Tests were made with
three different cowl-flap positions, spinners off, to
determine the variation of aerodynamic refinement with
cooling-air pressure drop H; - P2. Figure 13 shows the
results of these tests, IncFements of aerodynamic

refincment gg_)l/B measured from the base value
D )
obtained at & cooling-air pressure drop of 0.399, have

iy - B
dc

been plotted agalnst

The changes in cooling drag calculated from the
cooling pressure measurements have been converted to
increments df aerodynamic refinement and are included in
figure 13. It is seen that the predicted changes in
asrodvnamic refinement are always greater than those
measured. This difféerence 1s apparently caused by com=-
pensating variations in the external nacelle drag, as will
be shown in a later section.

As previously noted, the speed and aerodynamic
refinement values obtained with nominally closed cowl
flaps have been corrected to a cooling pressure drop of
0.399¢+ This correction, from figurc 13, did not affect
the faired results by more than 0,5 mile per hour.

Nacelle Drag

In the preceding section, the changes in drag and
propulsive efficiency resulting from the modifications to

1y
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the nacelle were shown by their effect on <§%L /3,
D

the eerodynamic refinement of the alrplane as a whole,

In order to show moré clearly whether the changes in

1 :
<Sb ) /3 were directly the result of the nacelle
D .

modifications, the revelving wake survey rake described
under Instrumentation was installed behind the left
nacelle along with the boundaryelayer rakes (fig. l.)

on the cowling.

Effect of modifications on apnarent nacelle drag,.-
The epparent nacelle dréag was obbained by integrating the
positive drag region within the arca covered by the
revolving wake survey raks, by the method of reference 2.
This apparent nacelle drag is useful in determining
changes in drag resulting from chéanges in configuration
provided &all tests are run &t comparable speeds and powers.,

. The values of apparent nacelle drag area f for
several configurations are compared in Ilgure 1. The
effect of the addition of sealed spinners was to decrease
f by 0.20 square feet (fig. i(a)) corresponding to
2 miles per hour per nacelle which agrees with the
2 miles per hour per nacelle found from the spsed measure-
ments, Spsed measurements indicated that the modifled after-
bodises ceused no speed change spinner on, but did cause
an increase of 1 mile per hour per nacelle spinner off.

No corresponding improvement in nacelle drag resultin

from the modified afterbody with spinner off (fig. lh?b))
could be detected with the survey rake. There wereno

rake measurements made with the original afterbody installed,
Spinner on. Increasing the cowling exit area with spinner
off (fig. 1li(c)) caused an increase in nacelle drag area of
0.145 square fcet corrospondlng to a reduction in spoed of

5 miles per hour per nacelle, Decreasing the cowling

exit area caused a reduction in nacelle drag area of

0.20 square feet corresponding to an increasc in speed

of 2 miles per hour. The corresponding changes found

from the speed measurements vwere, respectively, 6 and

2 miles per hour per nacelle,

Analysis of the components of the apparent nacelle
drag.- The breceékdown of the apparent nacelle drag into
1ts componentsis shown in the lollowing table:
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During flight 5, not reported in the tables, one
run was made with spinner o1 in a glide at the level-
flight test speed with the left propeller feathered and
with nominally closed cowl flaps, The survey-rake
measurements were thus free from the effects of the
propeller and exhaust tiwrust. The valus of total nacelle
drag area, 1,9 square feet as corrected for included
wing and oil cooler drayg, that was obtained on this run
may be slightly high since it 1s possible that the wake
of the slowly revolving propeller shanks was not faired
completely out of the records. The power-off point, N
plotted on figure 15(a) at a cooling drag are& of
0.72 square foot, shows closg agreement with the power-
on, spinner-on total nacelle drag, This indicates
eilther that the assumptions with regard to ezhaust jet
thrust and the effect of the propeller slipstream are
correct, or that errors in these assumptions are
compensating. Examination of the spacing of the drag
contours power off and power on indicated that the
mixing of the slipstream extended only a small distance
into the naceslle wake and therefore had only a small
effect on the total nacelle drag.

The variation of total nécelle drag with cooling
drag in the propeller-off configuration as measured
in the wind-tunnel tests of reference I is included
on figure 15(a) for comparison. The cooling drag has
been subtracted from the total nacelle drag to obtain
the external nacelle drag which, also, is plotted in
figure 15(a),

The apparcent cowling drag as calculated from the
average momentum deficlency at the cowling boundary-
layer rakes has been subtréacted from the sxternal nacelle
drag to obtain the afterbody drag. Both the aficrbody
drag area and the apparent cowling drag area are plotted
against the cooling drag area in figure 15(b). The '
afterbody drag is noticeably larger than the apparent
cowling drag. #ith spinner off and normal cowl-flap
setting, the external nacelle drag is composcd about
5 vercent of afterbody drag and 25 percent of apparent
cowling drag,

The drag of the afterbody is sten to decrease by
about one-third the increase in cooling drag and to be
independent of the spinner except insofar as the spinner
affected the cooling drag. The change in afterbody dreag
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arises principally from a change in the skin-friction
drag. As the cooling drag is increased, lower veloclty
air will flow from the cowling exit with & consequent
decrease in the skin-friction drag of the afterbody.
The afterbody drag would be decreased by the amount of
the reduction in skin friction provided the pressure
drag of the afterbody did not change anprecilably. As the
static=preasure recovery at the rear of the afterbody
was sensibly constant for all configuratione, there

was apparently no significant change in the pressure
drag.

The shape of the external nacelle drag variation
(fig. 15(a)) as determined from the spinner-on, power-
off wind-tunnel tests indlicates that, as the coollng
drag was increased, the reduction in afterbody skin-
friction drag was accompénied by an increase 1n pressure
drag, At cooling drag areas gresater than about 1.6 square
feet the increase in pressure dragc became predoainant
causing &an over-all increese in afterbody drag. No
such increase in pressure drag occurred in flight within
the range of the tests, In the flight tests, separation
of the flow over the afterbody was appéarently delayed by
the action of the high velocity exhaust gas<g and the
propeller slipstream, The externel necelle drag would
begin to increase at some cooling drag area higher than
that tested, :

It is not expected that the cowling drags spinner
off and spinner on would be. correlated on the basis of
cooling drag, as the momenbtum defect of the exit ccoling
air can arffcct only that portion:of the nacelle behind
the cowl flaps., PFor a gilven configuration, however, a
change in cooling drag involves & change in inlet-
velocity ratio, and thereby may affect the cowling drag.
FPigure 15(b) shows that separate curves are obtained for
the anparent cowling drug of the two confisurations when
plotted against cooling drag. The apparent cowling drag
area has been replotted in figure 15(c) ageainst the
cowling inlet-velocity ratio. All points, both spinner
on &nd spinner off, appear to fall on & single curve
indicating that under the test conditions the apparent
cowling drag varies only with inlet-velocity ratio. The
addition of the spinner decrecascd the apparsnt cowling
drag but only insofar as the inlet-velocity ratio was
increascd, Parallel results arc indicated in reference b
for the effect of & spinner on the velocity distribution
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over the cowling. In reference 5 it is shown that for
this type of cowling the critical inlet-velocity ratio,
below which pressure peaks form on the nose of the
-cowling, 1is about 0.33, 1In figure 15(0) it is seen that
below an inlet-velocity ratio of about 0.50 the apparent
‘cowling drag begins to rise, This rise in drag is
associated with the'develbpment of pronounced pressure

" peaks leatiing to local separation over the lip of the

" cowling., Above an inlet-velocity ratio of 0.30, in
which range the cowling pressure distribution is smooth,
the drag is that to be expected from skin friction alone,
and further reductions in apparent cowling drag are
negligidvle, Slightly.different rasnlts}might,have been
obtained if the spinner-on case could have been extended
below inlet-velocity ratios of 0.30 by restricting the
air flowe The consequent high adverse pressure gradient
along the spinner in this impractical condition would
cause separation of the flow shead of the inlet resulting
in unsteady flow not only into the inlet but also over
the cowling. It has been shown in reference 6 that
under similar conditions the flow over & scoop with a
related boundary layer similar to that on a spinner
fluctuated from smooth flow with low drag to flow with
'-hlgh p;essure peaks and hiwh drag.,

In figure. 15(&) it is seen that the slope of the
curve of total nacelle drag versus cooling drag is lower
with spinner off than with spinner on, - Since the -
variation of afterbody drag 1s the same spinner-on and
spinner-off, the difference in slope 1s caused only by
the- variatlon of apparent cowling drag with inlet-
‘velocity ratio, With spinner off the cowling ls
operating on the steep portion of the curve in figure 15(c)
whereas with spinner on 1t is operating on the flat portion
of the curve., This &@ccounts for the more rapid com-
’pensdting variation of external nacelle drag with cooling
drag, spinner off. With spinner off, about one-half,
and with -spinner on about two-thirds of a given change in
cooling drag appeared as & change in total nacelle drag,

Distribution of drag in the nacelle wake.- Sample
plots of the distribution of point drag coefficient Cg!

in the nacelle wake are presented in figure 16. The wake
~has, in general, a characteristic hour-glass shape
indicating low drag on the nacelle sides just below the
lower wing-nacelle Junctures, and a consequent vertical
displacement of the regions of high drag on the upper and
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lower surfaces of the nacelle. The wing wake may be seen
projecting from either side of the nacelle wake. The
hizher drag of the wing on the outboard side of the
nacelle is nrobably due to the additional drag of the oil
cooler located at that station. The general spreading

of the wake that occurs upon removal of the spinner 1s
evident from a comparison of parts (b) and (d) of

figure 16 for the normal cowl=flap position. The increase
in drag with cowling exit area may be seen by comparing
parts (a), (b)), &nd (c¢) for the spinner-off condition

and parts (d) and (e) for the spinner-on condition,

Significance of nacelle drag mcasurements.- The
comparisons of the nacelle wake measurcuents with the
measured speed changes have shown good agreement.
Although the data evaluation 1s laborious, the results
obtained indicate that wake surveys in three-dimensional
flow offer an effective means for analysis of the drag
or thrust of airplane components such &s nacelles under
actual flight condltions. . -

The results of the flight tests of thls report and
the wind-tunnel tests of reference L indicate that for
the A-~26B airplane the spinner-on external nacelle drag
coefficient, based on frontal arca, is about 0.07.
Although this coefficient 1s reasonably low, the external
drag of the two nacelles is about 20 percent of the total

~airplane drag. The total drag of the two nacelles

amounts to &bout 30 percent of the total airplane drag
in the high-speed condition with normal cowl-flap setting.
These percentages are slightly higher with spinner off.

As the serodynanic cleanncss of airplanes continues

. to be improved, the drag of nacelles will bscome an even

larger portion of the total drag. This proportion
indicates & need not only for continuing improvement of
nacelle form, but also for & thorough reevaluation of the
comparative advantages of engines or airplane designs
which reduce or eliminate nacelles,

COMCLUSIONS

1, Flight tosts of modifications to the charge-air
induction system of an A-26B airplane indicate that:
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(a) The optimum configuration includes sealed
spinners, NACA elbows, -‘and any of the three inlets
tested.,. The total pressure at the face of the
carburetor was 95 percent of the airplane impact
pressure leading to an improvement over the original
of 1600 feet in high blower criticel altitude and
8 miles per hour. in tho top speed,: because of
increased ram, .

(b) The optimum configuration for use without
spinners is that with the NACA entries and elbows.
An improvement in ram over the original is realized
with this configuration &nd 1s equivalent to 1200 feet
in critical altitude and 6 miles per hour top speed,

2., Analysis of the speed and ﬁower meéasurements
Indicates that:

(a) Seals over the spinner rear bulkheads caused
ean improvement in speed of L miles per hour through
aerodynamic refinement.

(v) The modified nacelle afterbodies vroduced
no speed changes in the spinner-on configuration
but appeared to cause &n Increase of 2 miles per
hour in the spinner-off configuration.

3. Analysis of the nacelle drag in the high-speed
condition by means of wake surveys indicates that:

(a) Changes In nacelle wake drag were generally
In close agreement with the measured speed changes.,

(b) With nominally closed cowl flaws and
spinners off, the total drag of the two nacelles is
over %0 percent of the total airplane drag. The
external drag alone is over 20 percent of the total
airplane drag.

(¢) With nominally closed cowl flaps and spinner
off, about 25 percent of the external n&celle drag
arises from the apparent cowling drag and 75 percent
from the afterbody drag.

(d) Under the conditions of the tests the after-
body drag was found to vary only with the cooling
drag, and the apparent cowling drag to vary only

7/
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with the cowling inlét-velocity retlo, independently
of the use of spinners except as they dffccted the
cooling drag or Inlet-vco locity ratio._ 

(&) With spirner off,;only‘about 50 percent of
a given increase in cooling drag appearcd as - an
increase in total nacelle drag because of the

accompanying reduction of the cowling and aftcrbody
drags.

Langley Memorial Aeronautical Laboratory -
National Advisory Commilttee for Acronautlcs
Langley Field, Va.
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leftside BLR - Left side BLR
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(a) Side view. (b) Front view.

Figure 4.- Boundary layer rake locations on left engine
cowling A-26B airplane.
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5 e
——O0 Wind-tunne/ tests, spinner on, power off
-==8 Flight rests ,spmner on, power on
< |- —2 " " , spinner off , power on //
" " » Spumer on , power off P
]
& 3 = /xy/
E\ Joto! nocelle drog - /4
- " T
\ L— ‘V s M -
£ 7 &
—~ 1 _ | Externo/ nacelle drag
P |
/ @’é\\ =, o—T | |
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0
0 4 8 2 6 20 P Z8 32

C oo//ng— o’raé orea, 3q *

(a) Variation of total nacelle drag and external nacelle drag with cooling

drag.
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(b) Variation of afterbody drag and apparent cowling drag with cooling

drag.
A
‘E < Apporent cowing drog
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(c) Variation of apparent cowling drag with cowling
inlet-velocity ratio.
Figure 15.- Comparison of nacelle drag components from flight and wind-
tunnel results.
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